Abstract-In almost every permanent magnet linear generator (PMLG), demagnetization would greatly degrade the electricity generation capability over time. This paper proposes a novel PMLG which consists of a permanent magnet excitation generator (PMEG) to supply electrical excitation to the field winding of an electromagnetic linear generator (EMLG) which functions as the main power generator. The proposed generator can reduce the demagnetization problem of the conventional PMLG. The finite element analysis is performed by using the commercial software package ANSYS/ANSOFT for designing the proposed PMLG, and the genetic algorithm has been used to find the optimal pole size, pole pitch, air gap length and load variation to maximize the output power. Special m-shaped stator core is designed for the PMEG to minimize the leakage flux and cogging force. The voltage, current, power, magnetic flux density, force components and applied force are also analyzed and discussed.
INTRODUCTION
Because of the global energy crises, scientists and engineers are working hard to solve the problem by utilizing renewable energy sources [1, 2] . Oceanic wave has high power density compared to wind or solar energy and it is available, predictable and environment friendly [3] . Renewable power generation, however, fluctuates most of the time, depending upon the environmental conditions which can vary on the time scales from seconds to days. Because of this, there are significant challenges for power grids to manage the stability, security and reliability while smoothing the generated power and thus make the best use of renewable energy sources [4] . At present, the major linear generators used for wave energy extraction are permanent magnet (PM) linear synchronous machines, that usually have PMs on the translator [5, 6] . The traditional linear generators have the disadvantages of complex translator structure and unexpected translator temperature rise, which might cause irreversible demagnetization of magnets and mechanical damage [7] . This paper proposes a novel linear generator which consists of a PM excitation generator (PMEG) and an electromagnetic linear generator (EMLG). NdFeB PMs are mounted on the translator and special m-shaped stator cores are employed to reduce the core losses so as to overcome demagnetization problem by using electromagnets and have longer lifetime. Unlike the conventional permanent magnet linear generator (PMLG) which has fixed flux and thus the generated electrical power fluctuates with the wave motion. The proposed EMLG can readily regulate the output power by controlling the field excitation.
II. THE PROPOSED SYSTEM Fig. 1 illustrates the excitation system of PMLG for the proposed EMLG, where the proposed three phase ac voltages produced by the PMLG, E 1 , E 2 and E 3 are rectified by a diode bridge into dc voltage to supply the field windings of four EMLG units. In Fig. 1 , the three phase voltages E a , E b and E c of one EMLG unit are shown, where R f , R a and R L are the field, armature and load resistances, respectively. 
III. SIMULATION RESULTS
In the simulation, the translator velocity is set to 1 m/s. All of the main winding coils have 200 turns. The output voltage and current of the proposed PMEG is shown in Fig 5. The total rms power output of PMEG and EMLG, different force components, and applied force are shown in Fig 6. The applied force works in the upward direction which is noted as Force_Z. The negative value indicates that the force is applied to the translator. Force_X and Force_Y are force components, working in the horizontal plane due to electromagnetic effects between the stator and translator. 
IV. CONCLUSIONS
The proposed LG can generate electrical power effectively as like conventional PMLG, but it does not have the problem of overheating and demagnetization. By controlling the field excitation, the output power of EMLG can be regulated such that it does not vary with the motion of waves. The simulation results have shown clearly that the force ripples and the cogging forces are successfully minimized by pole shifting and the use of special m-cores.
